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1. Data {#sec1}
=======

This article provides data resulting from the *in vivo* functionalization of *Thalassiosira weissflogii* diatom biosilica with ALE and ETI bisphosphonates (BPs). All the steps required to obtain the BP-biosilica are represented in [Fig. 1](#fig1){ref-type="fig"}. [Fig. 2](#fig2){ref-type="fig"} reports the SEM analysis of BP-biosilica and the EDX results are reported in [Table 1](#tbl1){ref-type="table"}. [Fig. 3](#fig3){ref-type="fig"} shows the growth curve of diatoms grown with Na alendronate, evaluated at 2 different cell densities. Architecture parameter analysis of ALE-biosilica is evidenced in [Fig. 4](#fig4){ref-type="fig"}. [Fig. 5](#fig5){ref-type="fig"}, [Fig. 6](#fig6){ref-type="fig"} report respectively the XPS and the ferrochelation assay of ALE-biosilica. Comassie stained SaOS-2 grown on ALE-biosilica and controls are presented in [Fig. 7](#fig7){ref-type="fig"}.Fig. 1From the living algae to the ALE-biosilica. This general scheme illustrates all the steps required to achieve bisphosphonate-based hybrid material from diatom biosilica.Fig. 1Fig. 2SEM images of extracted bare biosilica, ALE-biosilica and ETI-biosilica.Fig. 2Table 1EDX atom percentages and P/Si signal ratio for extracted bare biosilica, ALE-biosilica and ETI-biosilica.Table 1BiosilicaALE-biosilicaETI-biosilicaP/Si00.0060.002% Si10 ± 319 ± 719.63 ± 3% P00.10 ± 0.0030.05 ± 0.01Fig. 3Growth kinetics evaluation of *T. weissflogii* grown without (Diatoms) and with (Na ALE doped-diatoms) sodium alendronate, at 2 different cell-cycle stages (expo phase, from 10^5^ cells/mL (a); pre-expo phase, from 10^4^ cells/mL (b)). Measures were statistically evaluated by a two-way ANOVA test within groups (sample X vs sample Y, same time group), followed by a Bonferroni post-test, using the GraphPad Prism version 4.00 for Windows, GraphPad Software (San Diego, CA; [www.graphpad.com](http://www.graphpad.com){#intref0025}). Diﬀerences were considered statistically signiﬁcant for p \< 0.05 (\*\*) and p \< 0.01 (\*).Fig. 3Fig. 4Evaluation of number of pores/A per girdle for biosilica control and ALE-biosilica (a); average size analyses for biosilica and ALE-biosilica shells (b).Fig. 4Fig. 5Atomic percentages of bare and ALE-biosilica (a); XPS surveys for Si2p of ALE-biosilica and control (b). The P signal on ALE-biosilica is reported (c).Fig. 5Fig. 6(a) Na ALE solutions concentrations correlated in a calibration curve with A values at 290 nm; (b) Na ALE release profile by frustules obtained from hard cleaning procedure of *in vivo* doped diatoms.Fig. 6Fig. 7Comassie staining of SaOS-2 after 2 different times of growth, on glass control (a, 24h; b, 96h), bare biosilica (c, 24h; d, 96h), ALE-biosilica (e, 24h; f, 96h) and Na ALE free drug (g, 24h; h, 96h). Size bar: 50 μm.Fig. 7

2. Experimental design, materials and methods {#sec2}
=============================================

I*n vivo* functionalization experiment of *T. weissflogii* diatom shells was performed by growing the algae in presence of two different bisphosphonates in the culture medium at a final concentration of 1 mM. The BP-biosilica was then extracted and the most efficient BP incorporation was evaluated by SEM-EDX analysis. The diatom growth in presence of ALE was investigated over time and the ALE-biosilica was then characterized by SEM and XPS analyses. The release of the ALE was evaluated by ferrochelation assay. ALE-biosilica was then deposited on glass slides and SaOS-2 osteoblast-like cells were grown on glass/biosilica *quasi* monolayers. Cell staining was performed and morphology of SaOS-2 was microscopically evaluated. A schematic representation of all the processes is represented in [Fig. 1](#fig1){ref-type="fig"}.

2.1. *In vivo* functionalization of silica shells with BPs and biosilica extraction {#sec2.1}
-----------------------------------------------------------------------------------

*Thalassiosira weissflogii* diatoms (culture collection of algae and protozoa, *Conticribra weissflogii* CCAP strain 1085/18) were grown in a sterile F/2 Guillard enriched by sea water medium [@bib2] in a vertical bioreactor (18 ± 2 °C, 64% humidity, light:dark cycle of 16:8 h, pump photon flux 70000 lux). For the *in vivo* functionalization [@bib3], Na alendronate (1 mM) and Na etidronate (1 mM) were added in 2 different sets of medium containing cells. For the biosilica functionalization 5 days of incubation with the bisphosphonates are required. Acid oxidative treatment was used to extract the BPs-biosilica by removing the organic matter [@bib4]. For the cleaning, the algal pellet (3 mL, 10^6^ cell/mL) was treated with H~2~SO~4~ (150 μL, 98% w/w) and HCl (50 μL, 35%) at 80 °C for 30' to completely dehydrate and remove organic matter. Then an oxidation step with hydrogen peroxide (400 μL, 30% w/w) at 90 °C for 4 h ensured the removal the rest of the organic matter. Shells were then washed in H~2~O and in ethanol. At the end of the treatments the whitish frustules were dried by vacuum pump.

2.2. SEM-EDX analysis after *in vivo* functionalization of biosilica with BPs {#sec2.2}
-----------------------------------------------------------------------------

SEM ([Fig. 2](#fig2){ref-type="fig"}) and EDX ([Table 1](#tbl1){ref-type="table"}) analyses were carried out on ALE-biosilica, ETI-biosilica and bare frustules after extraction. For the analyses, the diatom extracted biosilica (5 μL x 5 of a solution containing 1 mg biosilica in 200 μL of distilled water) were drop casted on a silicon wafer pre-treated with acetone, ethanol and isopropanol (using 10″ of sonication per washing step); the suspension was then dried by vacuum pump (1 h). For the EDX analysis a set of 10 points per sample was analyzed. SEM investigations revealed that bisphosphonates functionalization did not affect biosilica shell morphology. According to the EDX analyses, the P signal is not present on the pure biosilica. Indeed, biosilica from diatoms grown with the amino BP alendronate exhibits a P signal value higher compared to biosilica from diatoms grown with the non-amino-BP etidronate.

2.3. Growth kinetics evaluation of T. weissflogii with sodium alendronate (ALE) {#sec2.3}
-------------------------------------------------------------------------------

Since the ALE was the most efficiently incorporated BP into the biosilica, a detailed investigation on diatom growth in presence of this amino-BP was performed, together with exhaustive characterization of the derived ALE-biosilica after extraction. For diatoms growth kinetics, samples were prepared in quadruplicates starting from different concentration of diatoms (pre-exponential phase, 10^4^ cells/mL, and exponential phase, 10^5^ cells/mL): the growth of diatoms with and without ALE was evaluated by monitoring their density over days *via* Burker hemocytometer [(Fig. 3)](#fig3){ref-type="fig"}. The growth trend of *T. weissflogii* was positively affected by the ALE addition in the culture medium and no cytotoxic influence was observed, both at the 2 cell-cycle stages.

2.4. Architecture parameters evaluation of ALE-biosilica {#sec2.4}
--------------------------------------------------------

Architecture analyses on bare and ALE-biosilica were performed on recorded SEM images of extracted shells. SEM images were used for evaluating the number of pores/Area (500 × 500 nm) of girdles (central porous structure of the diatom shell). Data elaboration was performed by using Image J software [@bib5], [@bib6]. Monolayers of extracted bare biosilica and ALE-biosilica were produced *via* SAM procedure from ethanol on glass slides [@bib7]. Images in contrast phase microscopy were collected for calculating the shell average size. According to the results reported in [Fig. 4](#fig4){ref-type="fig"}, no significant differences in porosity and size were observed among ALE-biosilica and control.

2.5. XPS analyses {#sec2.5}
-----------------

XPS analysis was performed on extracted diatom biosilica derived from diatoms grown with (ALE-biosilica) and without (biosilica) alendronate. [Fig. 5](#fig5){ref-type="fig"} shows XPS surveys and atom percentage from bare biosilica and ALE-biosilica samples. P atoms are present only in the frustules of diatoms grown with ALE, even though the hard cleaning procedure.

Bare frustules XPS survey [(Fig. 3)](#fig3){ref-type="fig"}: Carbon (C1s BE ∼ 285eV), Oxygen (O1s BE ∼ 533eV, OKL1 BE ∼ 979eV), Silicon (Si2p BE ∼ 103.5eV, Si2s BE ∼150eV), Sulfur (S2p BE ∼ 170eV, S2s BE ∼ 233eV), Chlorine (Cl2p BE ∼ 201eV, Cl2s BE ∼ 269eV) and sodium (Na1s BE ∼ 1072eV). Au standard support (Au4f ∼ 85eV, Au4d5 ∼ 335eV, Au4d3 ∼ 354eV). ALE-biosilica XPS survey [(Fig. 3)](#fig3){ref-type="fig"}: Carbon (C1s BE ∼ 285eV), Oxygen (O2s BE ∼26eV, O1s BE ∼ 533.5eV, OKL1 BE ∼ 979eV), Silicon (Si2p BE ∼ 103.7eV, Si2s BE ∼ 155eV), Phosphorus (P2s BE ∼ 193eV, P2p BE ∼ 135.5eV) and Sulfur (S2s BE ∼ 234eV, S2p BE ∼ 170eV). Au standard (Au4f7 ∼ 85eV, Au4f5 ∼ 89eV, Au4d5 ∼ 337eV, Au4d3 ∼ 354eV).

2.6. Evaluation of bisphosphonate release {#sec2.6}
-----------------------------------------

Extracted biosilica shells from diatoms grown with alendronate were collected for evaluating the content of released alendronate over time. For the investigation, a protocol based on iron complexation was adopted [@bib8]. A set of 5 samples were produced for the construction of a calibration curve. In each sample, an amount of 1998 μL of an iron stock solution (13.5 iron (III) chloride, 10 mL of perchloric acid 2 M) was mixed with 2 μL of Na ALE standard solutions (0.14 M, 0.35 M, 0.7 M, 1.4 M, 2 M) reaching different final concentration of the bisphosphonate (0.14 M, 0.35 M, 0.7 M, 1.4 M, 2 M). Absorbances (at 290 nm) of these ALE solutions, together with the pure iron stock solution (blank reference), were collected to produce the calibration curve ([Fig. 6](#fig6){ref-type="fig"}a). Then, the release of alendronate of the hybrid system was measured on extracted pure biosilica (6 samples) and ALE-biosilica (6 samples). Shells (3.5 mg per sample) were dried, rinsed with 1 mL of physiologic solution (25 °C, stirred 100 rpm) and kept closed during each sampling. The collected supernatant (100 μL per biosilica sample, substituted immediately by fresh physiological solution), was rinsed with the fresh iron (III) chloride/perchloric acid solution. Absorbances (290 nm) were measured and an interpolation function on the previous calibration curve was used to quantify the amount of ALE released at different timing points. As shown in [Fig. 6](#fig6){ref-type="fig"}b, no significant release of Na ALE has been detected.

2.7. Comassie staining of SaOS-2 cells grown on ALE-doped biosilica {#sec2.7}
-------------------------------------------------------------------

Human cell viability evaluation was performed on bare and ALE-biosilica samples after deposition on glass slides. Human SaOS-2 osteoblast-like cells were grown on substrata as reported in the reference article [@bib1]. The cell sediment (10^5^ cell/mL) was seeded on glass slides uncoated and coated with pure or ALE-biosilica and bare biosilica. An additional control made of cells grown on glass slides in presence of lone ALE solution (10^−6^ M) was used. After 24 and 96 h of incubation, cells were fixed in 4% of paraformaldehyde/PBS solution (20′) and stained for 3' with a dye solution (0.2% Coomassie Brilliant Blue R250 Sigma, 50% methanol, 10% acetic acid) [@bib9]. After PBS washings for removing the excess of dye, cells were microscopically evaluated ([Fig. 7](#fig7){ref-type="fig"}). Cell proliferation is confirmed on glass control ([Fig. 7](#fig7){ref-type="fig"}a and b), bare ([Fig. 7](#fig7){ref-type="fig"} c and d) and alendronate doped ([Fig. 7](#fig7){ref-type="fig"} e and f) biosilica while the ALE free drug ([Fig. 7](#fig7){ref-type="fig"} g and h) stopped the growth and adhesion over time.
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